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TOWARDS A SELF-CONSISTENT MODELLING OF PUlSAR MAGNETOSPHERES 
H. Herold, T. ErU 8nd H. Ruder 
Lehr.tuhl fOr th.or.t~ Aatrophy.lk ~r Unlv.r.itlt TDb1ngen 
Since thdr dieeovery alMet twnty y.au avo, the radio pulur. - .. v.ral 
hu .. dude an knowt today - have bean fucSnaUng obJacta for .. tr~n 8nd 
.. trophyalc1at., although (or bac: ... ) ..,t11 ~ only a poor uncIar.tanding of 
thaN objacta hu bHn obta1nacl. On 80M global i~ .. , _ly that a pulur 
18 a rapidly rotating, atrongly MlPWtbect neutron .tar and that the pul ... 
an produced by .... IOrt of Ucjlt_'_e .(fact, thar •• d.ta general 
..... ,t, but .. If_latent ... 18 are .tll1 l..::king (for a r.vl_ cf. 
Mldlel 198%). Since fro. the _rvetic point 0' v* the radio .. la.lon 
__ to ba only a _11 part of the total _rgy balance of a pulaar 
~ra, all local 80dala for tha pul .... ladon -.chani_ My be 
qunt10Mbla .. lonQ .. thara do IIOt ad.t eny nuonaIIla 80dala for tha 
global MgNtoapharle Itructura. 
th. _rleal 80dalling of the ~ral CIH of 11'1 obUque rotator II a vlry 
CCIIIPUcatecl tl. dapatldant thrH-dt.naional problM and in ita full Ixtant 
probllbly outside tha capecity of pr_t-day CGIIpUtars. A CGnSlderable 
11IIpUf1catlon occurl if _ CII'I ... _ that the naantlal I'facta .y be 
uncIautood by 80dalling tha ~toaphara of an IliQnecl rotator (llhirl tha 
rotation axla 18 parallel to tha aagnetic axl1 of the neutron ltar ). filii 
.... ""'tlon la only ra ___ ll for -.11 obllquaneu, linca by thb approach 
all alactroMgnetlc .. VI I"acta an not taken into account. All advll'lUga, 
__ ver, la that the uni90lar induction, lIhich Ihould ba rHpOf1libla for 
JIGPId ating the ~toaphara with charged parUel.. pullad out fro. tha 
neutron ltar eurfaca via fbld _i .. lon (Co1dnlct1 and Julian 1"9), CII'I be 
,t,1II1ed in purity. 
TIIua, the atructun of a atat1onery. axWly I,..trle pulur MlPWto.-rl 
18 ,",mad by tha fallowing equatl_. th. electrClMC)1etlc nelda ~ and ! 
can be clHcrlbed ( in cylindrical coardJ.netu P,.,I) by tha alad.raltaUc 
pot.ntW 4(p,I), tha .egrwtle flUll flol'lCtlon li(p,z) 8nd tha pololdel "ptle 
flald •• (p,lh 
Ii --f. J B· fi'l'x 1. + B. i. (l) 
CMrga danllty "- and currant danllty J detlnJ.ne the alectric potential vla 
the Pol...., equation and the NgI_tle 'laid yla A!lpera'i law .... lch raid hera 
(all ...,t1tlM heYa bHn ... ~lanlna by epprapdlta unitah 
Af • - f. UI) 
(d-fit)''Y· - ,i. (Zb) 
ke,s.) = -fir S ~(tB.) = f j~ (Zc) 
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Flo. 11 t(l!lllperitan Df en wd ,..t 
t D.oO ) _ • rodtoU .. ly 
cIIopod tID.lolO) porU.l. u.-~ 
Jo<:tory in • __ ue cIIpOl0 .-
.. dodd. ~ + ,.-....10 
'bid. Tho rod1.U ..... od"," 
~ to tho capt ..... , t/IO 
parU.le in tho n¢an !..! • o. 
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_rlcally, thet durinIJ the .t1on the condltion 
f· f + :!JCi - (~.~):t = 0 
11 fulfUled, .... lch _ thet the red1ltion reect1an 11 locally a1nt.1zed 
alq the tr.Jectory. [q. (6) 11 • condition for the .. locity end ylelda, 
for given I- end !-fielda (cf. Herald.t .1. 1,.,), 
with 
~ -= I!.pl [ s: X B + (i·I)I/P + PC] 
~. i(e&-j&) ... f[(~-la)t++(f·I)']1{ , (7b) 
1... .. get • local .. locity '"Id v • v([,I) end thue • fluid-like p1cture 
for the perUcl. _Uone 1n the ...,.~n. 
a-cI on thne ruulte, tile tMIc to dete~1ne ... If-coneletent eoluUon 1 • 
• t.pler tlwt before, but .tUl difficult due to the \FAt _l1 ... r1ty of 
the pratlla. Our epproedt 11 bued an the Ide. to .tart ,,.. the vacuu. 
.o!utlan end to fill up tile ...".toaphere with the pertlclH 1Ih1~ ere pulled 
out f,.. the neutron .tv _face. Thl. 11 not • raa! tt.e dependent 
eelculeUan, .tnce ........ tllet the electric field 11 al..ya daecr1bed by 
en .lectroateUc potentilll, but .. rw.d the tt.e IIIt*ldInt cont1nuity 
~Ion end therefore ! CInIIrt be _itted 1n ~re" lew. Thua the 
eqa.(2c) he .. to be np!Ked by 
(ll- t/t)(,B.) = f (~- ~) . (I) 
In ..-ry, .. .01 ... t NCtI tt.e .tap the Poleaon ~t1on (2.) end the 
.1l1J)Uc ~t1on (2b) with Dirichlet boundary cand1tione end the ~tion 
(I) with the von'" Ii boundary condition a<p8~/1IIr • -pJI on the .ter'. 
eurface. A .t.pte aalAlan lew 11 " .. ..ct ( _ly J • [. ), end for the 
cont1nulty ~tion, .... 1ch the pert1cle dInIity 11 detere1necl fn., ., 
.xplicit d1ecretlz.tion in tt.e 11...... The .-tilll d1leretlz.t1on 11 ... 
in tile ephft1cal c:oord1netee (r,e), actually .. hive en equld1ltent \Fld for 
, • (r-ro)l(r+Co~ (fO • Ollc, Co can be d"Ja • .., 8Ultebly ) end " • co". 
The tIIrM .1l1J)uc ~tione are _l~ by eucce .. l.. over-rellX1Uon (SOlI) 
1n e vec:torlzeble checkel"-td ec:t I I • 
•• 
r~.2. The vecu. fielde of e hmiogeo_ly ...".UucI neutron .tar 
(our eUrlinIJ point). ...ft. equ1potentlal linN or.. R19't. pololdal 
...".t1c field linN ( •• carwt. ). 
• 
Starting fra. the ... ec:~ natcll IhoIIn 1n rie.z, in t.ha tiut phMal of the 
tw. 1nle9"IUan onl, U. \'01"0101.1 ~t1c 'bid a. b ~1n9 not1ee.ly 
due to the pololdaJ current.. ~1ng aut ft .. tt. .ter. Thle la dllMNtnted 
in rlQ.' • 
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f19 •• ' Contour liNe of U. ,lectr ... 
• t.eUc patent1al .t • J.tn lUge of 
tho Int •• tlan. Nolo tho cIoongo 
_ad .lllt Flg.t ( tho _ p0-
tential .u..- on plAtted ). 
rig . " Cant ... llnH of tho pololdol 
I-flold (pl •• eonot) . ~t ... .,.-
;neta 8, i.e ftfI98thl becMIMI of the 
nogoU'" perUel •• eoa1ng out froo tho 
.tor ..... tho polo. But clDM to tho 
.tat and the .... tor ... 11 revion La 
foning __ r8 '. bee ... poaltbl • 
• •  
Hg.50: Contour llntl of !"! corn-
~1ncj to tho potont1ol of no .•. 
The algn 0' [·a 18 negatlYl in 
tho ....... Ii~ pert (thor. no!lOU .. 
particl •• are eceel.r.ud out.ardI). 
but tho poolU .. .- (no Uno. oro 
plotted thoro> ~ to _. 
Lotor "". tho d .. olop1ncj chorQo in tho __ loo!>horo 1_ to • gnoNal 
d*9 In tho oloctnotatlc potonllal <_ In no .• ). At tile _ U-. 
thot perl of tho .... foco ..... poolU .. perlJ.cloo _ pulled out _ 
(ef. FlO' S). _ • dor1ncj <anc:l .. lan could be tNt tile forolnO .f • 
_t1ncj ..... 10 _. But ot tho ~ .tago of tile ulcul.tlano IItle 
r.alno pure opocWotlan. .. tho '-Ilto oIItainod .. yet _ "" prollalMrY ( tho .toIIUll, • • 0. .f our lnloQr.tlan _ ... _ JOt _ dwdcod 
n.t_hely ate . ). 
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